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Purpose: To compare the histological characteristics of keratinized versus non-keratini-
zed onlay island flaps in an experimental rabbit model.
Materials and Methods: Sixteen male rabbits were randomly allocated into two experi-
mental groups: keratinized and non-keratinized onlay island flaps. A defect was created 
in the ventral aspect of the penile urethra. In the keratinized group, a longitudinal island 
flap was harvested from the external prepuce and rotated to cover the urethral defect. In 
the non-keratinized group a transverse island flap was harvested from the inner prepuce. 
The animals were sacrificed after 2, 4, 8 and 12 weeks.
Results: The flaps were viable in all animals, and no deaths were associated with the pro-
cedure. Two urethrocutaneous fistulas were identified, one in each experimental group. A 
similar pattern of fibrosis was identified in both groups. The keratinized epithelium of the 
external prepuce kept its histological aspect and keratin production. Both keratinized and 
non-keratinized groups presented a slight decrease on the epithelial thickness, however 
without a statistically significant difference between groups.
Conclusions: In this short-term rabbit model, we observed that the stratified squamous 
keratinized epithelium from the external prepuce kept its keratin production. There was 
no statistical influence of the flap type on the mean epithelial thickness.
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INTRODUCTION
 Preputial and penile skin flaps remain 
a major tool in urethral reconstructive surgery, 
being used in primary or redo operations. The 
most commonly used flap is the classic transverse 
ventral island flap as described by Duckett (1) but 
other options are available such as a lateral penile 
skin flap (2) or a parameatal skin flap (3). Interes-
tingly, despite the large amount of clinical data on 
flaps in hypospadias surgery, only few experimen-
tal models have been reported to allow a more in 
deep understanding of the healing mechanisms of 
this versatile technique.
 Previous rabbit model study on the asso-
ciation of flaps and grafts for complex hypospa-
dias surgery has been published (4). In that study 
the flaps were supposed to be harvested from the 
inner prepuce, but in one animal the flap uninten-
tionally included a segment of external prepuce. 
On further histological assessment the keratinized 
epithelium kept its original architecture and ke-
ratin production. This anecdotal finding raised a 
question: Is there a difference in flaps from inner 
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prepuce (non-keratinized) and flaps from the ex-
ternal prepuce (keratinized)? Therefore, we desig-
ned an experimental animal study to analyze the 
histological characteristics of keratinized versus 
non-keratinized onlay island flaps.
MATERIALS AND METHODS
The experimental protocol was reviewed 
and approved by our institution’s Animal Care 
Committee. All handling and procedures were per-
formed following the Brazilian Board on Animal 
Care guidelines. The study included 16 New Zea-
land white male rabbits of similar age and weight 
(2 - 2.5 Kg). The rabbits were randomly alloca-
ted into two experimental groups: keratinized and 
non-keratinized onlay island flaps. A defect was 
created in the ventral aspect of the penile urethra. 
In the keratinized group, a longitudinal island flap 
was harvested from the external prepuce and rota-
ted to cover the urethral defect. In the non-kerati-
nized group a transverse island flap was harvested 
from the inner prepuce. The animals were sacrifi-
ced after 2, 4, 8 and 12 weeks (Figure-1).
SURGICAL PROCEDURES
Pre-anesthesia medications included mi-
dazolam (5 mg/Kg) followed by ketamin (30 mg/
Kg) and xilazin (5 mg/Kg) intramuscular. Supple-
mental oxygen was given through a mask. A local 
penile block with 2% lidocaine was administered 
in order to reduce general anesthetic requirements 
and improve analgesia in the post-operative pe-
riod. All animals were operated under sterile con-
ditions and under optical magnification (2.5X).
In all animals a standardized urethral de-
fect was created. Initially, an 8-F catheter was pla-
ced in the urethra and then the skin web between 
the penis and anus was incised in order to expose 
the penile urethra. A segment measuring 7 mm x 4 
mm from ventral wall of the middle penile urethra 
was excised to create a hypospadias-like defect, 
leaving only the dorsal “urethral plate” (Figure-2).
Once the urethral defect was created, the 
animals were randomly allocated into two ex-
perimental groups: keratinized (external prepuce) 
and non-keratinized (inner prepuce) onlay island 
flaps. In the non-keratinized group, an inter-
Figure 1 - Flowchart resuming the study protocol.
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Figure 2 - A catheter was placed in the urethra and then the skin web between the penis and anus was incised in order to 
expose the penile urethra. A segment measuring 7 mm x 4 mm from ventral wall of the middle penile urethra was excised to 
create a hypospadias-like defect, leaving only the dorsal “urethral plate”.
Figure 3 - Internal transverse preputial flap (A) was rotated and anastomosed with 6.0 polydioxanone in an onlay fashion to 
the urethral defect to cover the anterolateral aspect of the urethra (B).
nal transverse preputial island flap was harves-
ted similarly to a classic Duckett operation. Once 
mobilized (Figure-3), the flap was rotated and 
anastomosed with 6.0 polydioxanone in an onlay 
fashion to the urethral defect to cover the ante-
rolateral aspect of the urethra. In the keratinized 
group, a longitudinal flap was harvested from the 
ventral aspect of the external prepuce (Figure-4), 
rotated and also anastomosed with 6.0 polydioxa-
none in an onlay fashion to the urethral defect. The 
B
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skin was closed by suturing the web between the 
penis and the anus. The urethral catheter was re-
moved immediately after the procedure. No stents 
or dressings were used.
 Two animals from each group were sacrifi-
ced at 2, 4, 8, and 12 weeks after surgery.
HISTOLOGICAL PROCEDURES
 The entire penis was excised and fixed at 
10% buffered formalin for 24 hours, followed by 
paraffin wax embedding. The pathology specimens 
were transversely sectioned from the glans to base 
of the penis. Sequential sections from the glans to 
the proximal urethra were provided and histolo-
gical staining was performed with haematoxylin-
-eosin (HE), Masson’s trichrome and picrosirius red.
An experienced pathologist (RD) performed 
histological evaluation using light microscopy in 
single analysis. The histological evaluation focused 
on the following variables: inflammation pattern, fi-
brosis, type of epithelial lining, epithelial thickness 
and possible complications. The pathologist used the 
same standardization of previous studies to assess the 
inflammatory response related to the procedure (4,5).
Semi-quantitative evaluation for inflam-
matory response included, in brief: 0, no inflam-
matory reaction; 1+, minimal inflammatory re-
action; 2+, moderate inflammatory reaction; 3+, 
marked inflammatory reaction and; 4+, presence of 
leuco-lymphocytic aggregates. The degree of sub-
-epithelial fibrosis was analyzed also in a semi-
-quantitative way, graduated from 0 to 3+: 0, no 
scarring fibrosis; 1+, minimal scarring fibrosis; 
2+, moderate scarring fibrosis and; 3, pronounced 
scarring fibrosis. The following epithelial types 
were observed: non-keratinized stratified squa-
mous (lining of the inner prepuce), keratinized 
Figure 4 - In the keratinized group, a longitudinal flap was harvested from the ventral aspect of the external prepuce (A), 
rotated and also anastomosed with 6.0 polydioxanone in an onlay fashion to the urethral defect (B).
B
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stratified squamous (lining of the external prepuce) 
and transitional epithelium (urothelium). A quanti-
tative analysis was performed to evaluate epithelial 
thickness in the area of greatest thickness near the 
anastomosis, through the use of a microscopic ruler 
(Figure-5). The following complications were consi-
derate: fistulae, diverticulae, stenosis and dehiscen-
ce.
 Mann-Whiney test was used to compare 
the mean values of epithelial thickness according to 
the type of flap. Data were collected and processed 
using a commercially available software package 
(Statistical Package for Social Sciences - SPSS, ver-
sion 11.0 for Windows). A p value of less than 0.05 
was considered statistically significant.
RESULTS
There were no deaths related to the procedu-
re and all animals were sacrificed on the scheduled 
date. All rabbits voided spontaneously after sur-
gery and the macroscopic appearance of the penis 
was normal without penile rotation. On macrosco-
pic inspection, two urethrocutaneous fistulas were 
identified (one in the keratinized group and one in 
the non-keratinized group). After the sacrifice, the 
urethra was easily calibrated in all animals using 
an 8-F urethral catheter indicating that no strictu-
res were formed. Diverticulae was identified in other 
two animals of non-keratinized group.
 A similar pattern of inflammatory reaction 
was identified in both experimental groups. Two we-
eks post operatively, microscopic analysis showed 
significant polymorphonuclear cell infiltration repre-
senting an acute inflammatory reaction and an al-
ready moderate infiltration of lymphocytes and ma-
crophages. This inflammatory profile was unchanged 
at 4 weeks. By the 12th week an important decrease 
in the inflammatory response was identified. At 12th 
week, one animal in each group developed an impor-
tant lymphomonocytic reaction (Table-1).
 A similar pattern of fibrosis was also iden-
tified in both groups. Moderate (2+) sub-epithelial 
fibrosis was observed in the groups. At 12th week, 
one animal in each group developed a pronounced 
fibrosis (3+) (Figure-6).
Figure 5 - Microscopic ruler measuring the epithelial thickness on non-keratinized group within 8 weeks. (HE 10X)
Table 1 - Inflammatory reaction.
Flap 2 weeks 4 weeks 8 weeks 12 weeks
Keratinized 2+/3+ 2+/3+ 1+/2+ 2+/4+
Non-keratinized 2+/2+ 2+/3+ 1+/2+ 2+/4+
0,35mm
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Figure 6 - Fibrosis: 40X Masson’s trichrome (left column) and picrosirius red (right column). A and B, non-keratinized group 
(2 weeks); C and D, non-keratinized group (4 weeks); E and F, keratinized group (8 weeks) and; G and H, keratinized group 
(12 weeks).
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 The keratinized stratified squamous lining 
of the external prepuce island flap kept its archi-
tecture in all time points of the study. There was no 
change in keratin production and the number of cell 
layers presented a slight decrease (Figure-7).
 At the 2nd week time point, the non-kera-
tinized stratified squamous lining of the inner pre-
puce island flap kept its original microscopic appe-
arance. The histological analysis on the 4, 8 and 12 
weeks revealed a little reduction on the number of 
cell layers. No keratin was identified (Figure-8).
 Mean epithelial thickness was 0.20 mm 
and 0.23 mm in the groups keratinized and non-
-keratinized, respectively (p = 0.51).
DISCUSSION
 Preputial island flaps are a major tool in 
penile reconstructive surgery, since the populariza-
tion of the method in the 80’s by Duckett (1), subs-
tantial clinical data has been published (mostly re-
trospective clinical series). On the other hand, only 
Figure 7 - Keratinized group, with a longitudinal island flap harvested from the external prepuce (HE 40X). (A) Architecture 
kept within 4 weeks; (B) There was no change in keratin production within 12 weeks.
Figure 8 - Non-keratinized group, with internal transverse preputial island flap harvested similarly to a classic Duckett ope-
ration (HE 40X). (A) Histological analysis within 2 weeks revealed no keratin production; (B) Transition between the stratified 
squamous lining of the inner prepuce island flap and the urothelium within 4 weeks.
A
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few animal models have been developed in order 
to allow a better understanding of the healing, tis-
sue integration and histology of this technique. 
Moreover, to our knowledge, this is the first report 
focusing on the difference between the inner pre-
putial (non-keratinized) and the external prepuce 
(keratinized) used as flaps.
 Initially, the island flaps were used as tu-
bes in one-stage operations for proximal hypospa-
dias. Elder (5) proposed a major adaptation of the 
method by using the flap in onlay fashion when 
the urethral plate could be preserved. This modifi-
cation widened the indication of the island flaps, 
allowing it to be used in less severe cases of hy-
pospadias.
 Scuderi (6) performed another interesting 
modification by harvesting the flaps in a longitu-
dinal rectangular fashion along the vascular axis 
of the prepuce and rotating to ventral aspect of 
the penis through a “buttonhole” in the pedicle. In 
2005, a long-term study of the “Scuderi procedure” 
(6) was reported with a reoperation rate of only 2%.
 The macroscopic results of our study con-
firm the versatility of the technique that can be 
reproduced even in an animal model with favora-
ble results. Only one urethrocutaneous fistula in 
each group was identified. Moreover, there were 
no deaths related to procedure and no strictures 
recognized.
 We also were not able to identify a diffe-
rent pattern of inflammatory reaction or fibrosis 
on the healing process when keratin was present 
or not. Therefore, we infer that the presence of ke-
ratin in the flap did not change the inflammatory 
response in this procedure.
 Our most interesting findings are related to 
the modifications that the epithelium underwent. 
Leslie et al. (4) noticed in a previous study that 
the stratified squamous non-keratinized lining of 
the internal preputial island flap had a reduction 
in the number of cell layers and no keratin was 
produced in this group. On the other hand, the 
squamous keratinized lining of the external pre-
puce did not undergo a reduction in the numbers 
of layers with the presence of keratin production. 
In our findings, we noticed that keratin produc-
tion remained in all animals of keratin group. 
Furthermore, we observed an apparent decrease in 
epithelial thickness in both groups, probably due 
to the occurrence of metaplasia. However, after 
statistical analysis, we verified that the differen-
ce between non-keratinized flaps mean thickness 
(0.23 mm) and keratinized flaps mean thickness 
(0.20 mm) was not significant (p = 0.51). There-
fore, there was no statistical influence of the flap 
type on the mean epithelial thickness.
 In 1987, Talja (7) developed a similar ex-
perimental rabbit model for preputial grafts, al-
though the author did not specify if preputial graft 
was keratinized. The results suggested the same 
by demonstrating that the preputial graft did not 
undergo modifications and kept the same number 
of cell layers in a rabbit model.
 Another finding that corroborates with the 
hypothesis that the keratinized epithelium keeps 
its architecture and keratin production when ap-
plied as a flap to the urethra, is the report by Le-
ger (8). The author performed endoscopic biopsies 
after series of cutaneous urethroplasties, demons-
trating that the epidermis still showed a keratin 
malphigian layer, often dense and with hypera-
canthosis, hair and sebaceous glands.
 We then theorize that the keratin layer 
in the external prepuce may act as a barrier, pre-
venting the interaction between the urine and the 
epithelium itself and further modifications in the 
architecture. We observed lower complication rate 
in the keratinized group, particularly diverticula.
 Our study has important limitations, the 
most salient being the short-term of experiment. 
It is not clear that our findings will last in the 
long-term. Another relevant one is related to the 
small number of animals in each group, not al-
lowing us to conclude if the clinical outcome (i.e. 
fistulas and diverticulae) would be different in 
the groups. Furthermore, future studies can bet-
ter exploit histological and quantification analysis 
performing other tests as Proliferating Cell Nucle-
ar Antigen (PCNA), the occurrence of apoptosis 
(Tunel) and nuclear density.
 Despite these limitations, we believe there 
is value in the current report. By adding to the 
limited literature on the topic, we provided addi-
tional experimental data on the complex process 
of healing and integration of flaps in urethral 
surgery showing that keratinized and non-kera-
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tinized epithelium undergo different histological 
modifications when used in urethroplasty.
CONCLUSIONS
 In this short-term rabbit model, we obser-
ved that the stratified squamous keratinized epi-
thelium from the external prepuce kept its keratin 
production. Both keratinized and non-keratinized 
groups presented a slight decrease on the epithe-
lial thickness, however without a statistically sig-
nificant difference between groups.
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